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INTRODUCTION
Mature B cells comprise three major subsets: follicular and marginal zone (MZ) B and B1 cells (1) . Two receptors, the B cell antigen receptor (BCR) and B cell-activation factor of the tumor necrosis factor family (BAFF) receptor (BAFFR) have been shown to critically control the generation and/or persistence of mature B cells (2) (3) (4) (5) .
Numerous stimuli activate the NF-B signaling pathways in mature B cells. In mammals, the NF-B family of transcription factors comprises 5 members (RelA, RelB, c-Rel, NF-B1 and NF-B2) whose activation is initiated by two major signaling pathways (5) . The canonical pathway depends on the IKK complex, consisting of the structural protein NEMO and the IB kinases IKK1 and IKK2. This complex triggers the degradation of a specific set of inhibitors of NF-B and, the induction of dimers containing RelA and/or c-Rel. The canonical pathway regulates NF-B activation downstream of the BCR (5) . The stimulation of the alternative pathway, mediated by NF-B inducing kinase and IKK1, leads to the partial proteolysis of the inhibitory precursor NF-B2 and the activation of dimers containing RelB and/or the processed form of NF-B2 through another set of receptors including BAFFR (4).
There is abundant evidence for a critical role of the canonical pathway in the generation and/or maintenance of mature B cells. The ablation of NEMO or IKK2 in the B cell lineage, as well as conditional replacement of the latter by a kinase-dead IKK2, impaired the generation of the three mature B subsets and transitional 2 (T2) cells, a developmental stage preceding the mature stage (6) (7) (8) (9) . In the case of the kinase-dead IKK2 some mutant cells made it into the mature compartment, but were completely outcompeted by wild type cells over a period of four weeks, upon blockade of B cell generation in the bone marrow (6) . Mechanistically, tonic BCR signaling could increase the production of NF-B2 via canonical NF-B activation in T2 and follicular B cells, sensitizing B cells to the pro-survival effect of BAFFR (10).
However, other work suggested that canonical signals downstream of the BCR may not be critical for the maintenance of mature follicular B cells. Ectopic expression of a constitutively active form of IKK2 only slightly rescued the acute loss of B cells upon ablation of the BCR in these cells, whereas a full rescue was obtained through signals along the PI3K -FOXO1 axis (11) . In addition, a study of the role of B cells in a prostate cancer model suggested that the absence of canonical signaling may not result in the rapid disappearance of mature B cells (12) .
In the present work, using conditional ablation of NEMO and IKK2 either early during B cell development or specifically in mature B cells as well as ectopic expression of Bcl2, we show that canonical NF-B signaling contributes to the functional integrity of follicular B cells, and supports their long-term persistence through its pro-survival activity. However, absence of canonical NF-B signaling in these cells only mildly affects their numbers in steady state, in contrast to its severe impact on transitional B cell numbers.
RESULTS
Ectopic expression of Bcl2 allows accumulation of follicular B cells upon NEMO deletion early in development
Consistent with previous work (6, 8, 9) , the generation of mature B cells was impaired upon ablation of NEMO in the B cell lineage using Mb1-cre ( Fig. 1 A and B; Figs. S1A and S2A) (13 Fig. 1B; Fig. S2B ).
The absence of canonical NF-B signaling in B cells has previously been shown to affect splenic B cell development also at the T1 to T2 transition (8, 9) . We thus investigated whether the accumulation of mutant follicular B cells could be due to the rescue of T2 cell generation in Nemo fl Mb1-cre + Bcl2Tg mice. T2 cell numbers demonstrated a positive correlation with T1 cellularity ( Fig. 1C; Fig. S3 ), in agreement with T2 cells arising from the T1 subset (15). Notably, the production of NEMOdeficient T2 cells was clearly reduced compared to controls, independently of the overexpression of Bcl2 (Fig. 1C) . CD23, used to discriminate T1 and T2 cells (15), has been reported to be an NF-B target gene (16). We therefore confirmed the identity of the mutant transitional populations using an independent marker, CD93, which is expressed at lower levels in T2 cells ( Fig. 1D ; Fig. S4 ) (3, 9) . 
Long-term persistence of follicular B cells requires canonical NF-B signaling
To directly evaluate the contribution of canonical signaling to the maintenance of mature B cells, we ablated NEMO using CD21-cre (3). We excluded B1 cells from the analysis since, in our hands, CD21-cre proved to be poorly expressed in the prototypical CD5 Statistics and graphs. The Prism software (GraphPad Software) was used to perform statistical analysis of the data, compute best-fitting linear function and generate graphs.
MATERIALS AND METHODS
Mice
Statistical significance of data was determined using a one-way analysis of variance and Nemo fl Mb1-cre + Bcl2Tg mice (n = 7-9 per genotype in 9 experiments). Numbers adjacent to outlined areas specify percent cells in the gate. Transitional 2 cells from control mice were used as the reference to set the CD93 lo gate. 
